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ABSTRACT

A partial creel census was conducted to estimate the fishing
pressure, catch rates, and harvest of fish at Hyalite Reservoir from
June to September 1974 and 1975. Fishing pressure was estimated to
be 9663 hours in 1974 and 8384 hours in 1975. Estimated catch rates
were 0.20 fish/hour in 1974 and 0.12 fish/hour in 1975. The estimated
harvest was nearly 2500 fish in 1974 and 1000 fish in 1975. The lower
catch rate and harvest in 1975 were due to the absence of hatchery
cutthroat trout entering the fishery. Cutthroat trout, Arctic grayling
and brook trout, respectively, made up 96, 3 and 1 percent of the
harvest in 1974 and 76, 18 and 4 percent in 1975. Hatchery cutthroat
trout made up 72 percent of the total estimated harvest in 1974 dbut
only 25 percent in 1975. The use ¢f the East and West Forks of
Hyalite Creek by cutthroat trout and grayling in spawning condition
was investigated during 1975. Over 928 percent of the presumed
spawners were captured in the West Fork. Twenty~two ripe cutthreat
(ages I11-V) and 134 ripe grayling (ages I1I-VI) were captured in
this stream. Sexually mature cutthroat trout first entered the stream
when flow was increasing from spring runoff and mean daily stream
temperature was near 3 C. No distinct peak in their numbers was
observed. All were wild appeavring fish. Spawning gravling entered
the stream after peak flows when mean daily stream temperature was
near 6 C. A distinct peak was observed in the seventh day of their
run. No cutthroat tyocut fry and nearly 2,000 grayling fry were
captured migrating inte the reservoir.



INTRODUCTION

Hyalite Reservoir was created by the construction of an earth
filled dam across Hyalite (Middle) Creek. Construction was begun in
1939 by the Montana State Water Board under a permit granted by the
United States Forest Service. Work was interrupted during World War
II with the dam being completed in February, 1951. The reservoir was
créated to supply water to the Gallatin Valley for irrvigation. Pre~-
sently, it also provides water to the City of Bozeman for municipal
use and receives substantial fisherman use because of its accessi-
bility, scenic setting, adjacent camping facilities and proximity to
a population center.

The reservoir presently contains cutthroat trout (Salmo clarki),
Arctic grayling (Thymallus arveticus), brook trout (Salvelinus
fontinalis) and cutthroat-rainbow trout hybrids. The species resident
in the drainage above the dam at its completion are unknown. However,
records show the Montana Department of Fish and Game began planting
hatchery Yellowstone cutthroat trout in Hyalite Reservoir in 1953 and
released approximately 10,000 fish of 4" length into the reservoir
annually from 1968 through 1972. The approximately 10,000 cutthroat
planted as 4" fish in September were marked with a right pectoral fin
clip. In June 1973 an additional 5,000 cutthroat of 97 length were

marked with an adipose fin clip and released into the reservoir. Both
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groups of marked fish were clearly identifiable durimg 1974 and 1975.
Plants were discontinued in 1974.

Intensive field work was conducted on the fishery of Hyalite
Reservoir from June through September, 1974 and 1975. The primary
purpose of the study was to determine the fisherman use, harvest and
contribution of hatchery fish te the harvest during 1974 and 1975.
The natural reproduction of cutthreat trout and Arctic graviing in

the inlets to the reserveoilr was alsc investigated during 1975.



DESCRIPTION OF STUDY AREA

Hyalite Reservoir is located in southwestern Montana in Gallatin
County approximately 17.5 air kilometers south of Bozeman. The reser-
voir is situated in an elongate basin in the Gallatin Range at an
altitude of 2012 meters. It drains 2332 hectares (5760 acres) of
steep slopes belonging to the Gallatin National Forest and the
Burlington Northern Raillway. An unsurfaced road provides easy access
to Hyalite Reservoir and its campgrounds during the snow-free months.
The road is not maintained during the winter months but snowmobile
traffic is allowed.

At maximum capacity Hyalite Reservoir contains 991 hectare-
meters {8,027 acre-feet) of water, has a surface area of 84.2 hectares
(208 acres) and a maximum depth of 27 meters (88.6 feet). However, it
is subject to extreme fluctuations in water level with an annual draw-
down of up to 8 vertical meters. Typically, the reservoir is filled
to capacity in early summer and then drawn down through the fall with
water maintained at low levels from October until the onset of spring
runoff. Most of the runoff enters by way of the East and West Forks
of Hyalite Creek (Fig. 1). High water in the West Fork occurred in
mid-June, 1574 and early July, 1975 (Fig. 2). Pesk flow in the East
Fork also cccurred in early July, 1975. Water levels of the reservoir

during 1974 and 1975 are shown in Figure 3.
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Selected physical and chemical characteristics of Hyalite
Reservolr measured during the summer of 1975 are given in Table 1.
A thermocline was present on June 26 at approximately 6 meters and
descended to approximately 9 meters by August 28. Dissolved oxvgen
in the water column ranged from 11.05-5.20 ppm with the maximnums
occurring from the surface to the thermocline. Total alkalinity
varied from 0.30-0.54 me/l consisting of bicarbonate. A dense bloom
of Aphanizomenon, a blue-green algae, was observed during August in
1974 and 1975. Other chemical characteristics of the reservoir have

been described by Bissonnette (1971}.
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METHODS

A partial creel census was conducted on Hyalite Reservoir from
June 9-September 2, 1974 and from June 7-September 2, 1975. In the
census, fishermen were counted in a sampling design based on the
method of Neuhold and Lu (1957).

Each saﬁplimg season was divided into six periods called strata.
The first five strata were two weeks long and the sixth was 15 days
in 1974 and 17 days in 1975, Each stratum was separated into weekend
days and weekdays. Fifty percent of the weekend days and weekdays in
each stratum were censused. The first weekend day of the first
stratum each season was censused and subsequent weekend days through-
out the entire period were censused in alternate order {S8aturday,
Sunday, Saturday, etc.). Weekdays to be censused within a stratum
were randomly chosen without repetition with the restriction that at
least two weekdays per week be censused. Thus in each two week
stratum, every weekday {Monday, Tuesday, Wednesday, etc.) was sampled
once. All holidays were censused.

Four counts of fishermen were made on each census day. The
first count.on each day was made at either 6, 7, 8 or 9 A.M. and éach
of the three subsequent counts were made at 4 hour intervals. The
time of the.first count on the initial weekend day in each season was

randomly chosen. The time of the initial counts on each subsequent



_10_
weekend day was advanced by one hour until the 9 A.M. count was made.
The 6 A.M. starting time followed the 9 A.M. count. The hour of the
initial count on the two holidays censused each season was randomly
chosen.

The starting hour for éounts on weekdays in each stratum was
randomiy chosen from the four starting times. The initial counts on
subsequent weekdays were made in the same manner as for the weekend
days. This procedure provided good coverage of the fisherman day,
considered to run from & A.M.-% P.M, in each stratum.

The numbers of shore and boat fishermen and the number of boats
containing fishermen were recorded separately at the time of each
count. Counts were made with the aid of a boat and 8X50 bimoculars.
Counts took less than 3C minutes to make and were considered to be
instantanecus {(Neuhcld and Lu, 1957).

As many fishermen as possible were interviewed between the hours
of the initial and final counts on each census day. In each inter—
view the size of the fishing party, residence of each fisherman and
total hours fished by the party was recorded. The catch of each party
interviewed was examined to determine the number of each species
creeled. Each undressed fish was weighed, measured and examined fox
fin clips or tags. As much information as possible was obtaine& from

dressed fish.
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Data from counts and interviews were analyzed at the Montana
State University Statistical Laboratory using methods described by
Neuhold and Lu {1957).

Experimental gill nets wers fished in the reservoir from
September 30-October 2, 1974 and from August 11-25, 1975. Captured
fish were weighed, measured, marked with a fin c¢lip or an individually
numbered T-tag and released. Both forks of Hyalite Creek were
electrofished at least twice a week from June 1-July 23, 1975.
Captured fish were sexed, welighed, measured, marked with a fin clip
or affixed with a T-tag and released. Water temperatures of both
forks of Hvalite Creek were monitored from late May through September

1, 1975 using reéording thermographs.



RESULTS

Interviews

Interviews were conducted with 836 and 849 fishermen during 1974
and 1975, respectively. These consisted of 5537 shore and 279 boat
fishermen in 1974 and 525 shore and 324 boat fishermen in 1975.

The ¢atch rates of fishermen interviewed are shown in Table 2.
During 1974 the catch rate for all fishermen was 0.20 fish pexr hour.
The cateh rate for beoat fishermen was over twice as great as for shore
fishermen. The catch rates for total, boat and shore fishermen pro-
gressively declined after Stratum II, II and III, respectively.

During 1975 the catch rates of total, boat and shore fishermen
were less than the respective catch rates during 1974. Boat fisher-
men had twice the cateh rate of shore fishermen during 1975. Catch
rates for total, boat and shore fishermen tended to decrease as the
season progressed.

Catch rates appeared to be assoclated with physical and biologi-
cal factors in the reservoir. The highest total catch rates tended
to occur during Stratum ! of both years. Stratum I occurred during
or just after ice-off when water levels in the reservolr were low.
Ice-~off began at the southern end of the reservoir where the forks
of Hyalite Creek enter. Both fish and fishermen appeared to congre-

gate in this area producing a high catech rate. 7The catch rate during
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the first two days of Stratum I in 1974 was (.56 fish per hour. How~
ever, on June 11, a landslide occurred on a steep clear—cut area and
infused large quantities of soil dinto the Weét Fork of Hyalite (reek.
The turbidity in the southern end of the reservoir increased and the
catch rate during the remainder of the stratum decreased markedly.
The rapid filling of the reservoir during Strata 11 of 1974 and IIX
of 1975 tended to increase the turbidity of the water near the shore
as it was inundated and appeared to lower the catch rates of shore
fishermen. In Strata V and VI of both years a dense bloom of the blue-
green algae Aphanizomenon occurred, which appeared to depress catch
rates.

The catch rates for each species and group of marked hatchery
fish taken during 1974 and 1975 are shown in Table 3. Cutthroat trout
were the most frequently taken species during both years. In 1974,
catch rates of cutthroat were highest for two~year-old hatchery fish
with right pectoral fin clips {(planted as 4" fish in September, 1972},
while during 1975 wild appearing cutthroat were taken more readily
than hatchery fish. Cutthroat trout were termed wild appearing if they
bore no fin clips and possessed no structural anomalies in their fins.
Although catch rates for brook trout and grayling were less than 0.03
fish per hour in each year of the study, they increased by factors of

.3 and 2, respectively, from 1974 to 1975,
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Each fisherman interviewed was classified as a local {residing
less than 50 miles from the reservoir), Montana resident (residing in
the state but more than 50 miles from the reservoir) or as an out of
state resident. Of fishermen interviewed in 1974, 575 (69%) were
locals, 159 (19%2) were Montana residents and 102 (12%) were out of
state residents. In 1975, 5391 {70%) were locals, 142 {(17%) were
Montana residents and 116 (13%) were out of state residents,

.In 1974 there was an average of 2.36 shore fishermen per party
and 2.32 fishermen per boat. Shore fishermen fished an average of
1.88 hours per person and boat fishermen 2.52 hours. In 1975 the
averages were 2.30 shore fishermen per party and 2.534 fishermen per
boat. Shore fishermen fished an average of 2.08 hours per person and

boat fishermen 2.52 hours.

Fishing Intensity
The average number of shore and boat fishermen per count in each
stratum of the study are given in Appendix Table 4. Since it was not
always possible to accurately count the number of fishermen per boat
directly, the average number of boat fishermen per count in each
stratum was estimated by multiplving the average number of boats with
persons actively fishing per count by the a§erage number of fishermen

per boat as determined from interviews within each stratum.
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The average number of shore and beoat fishermen per count on
weekdays and weekends—holidays are given in Appendix Table 5. The
average number of shore fishermen per count on weekends-holidayvs was
1.6 and 2 times greater than on weekdays in 1974 and 1975, respec-
tively. For boat fishermen, the average number per count was nearly
3 times as great on weekends-holidays as on weekdays in both years of
the study.

Fishermanrhou£s in each stratum were calculated as the product
of the average number of fishermen per count and the total possible
fishing hours in that stratum with each fishing day cénsidered to
consist of 15 hours. The estimated number of shore, boat and total
fisherman hours with 95 percent confidence limits are given in Table
6. About 1300 more hours were fished in 1974 than in 1975. Estimates
of fisherman hours on weekdays versus weekends-holidays were net calcu-
lated since the number of weekends~holidays counts within each stratum
were too few to provide reliable variance estimates.

During 1974 and 1975, shore fishermen accounted for about 56 and
60 percent of the total fishing pressure, respectively. Pressure from
shore fishermen was greate$t in Stratum I of 1974 and Stratum II of
1975, Pressure from shore fishermen tended to decrease throughout the
season after these highs. In 1975, the pressﬁre from shore fishermen
in Stratum I was probably depressed by the partial ice cover and deep

snow surrounding the reservoir. The several days of cold, rainy
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weather in Stratum IV of that year also appeared to depress shore
fishing intensity.

During 1974, boat fishermen pressure was greatest in Stratum II.
In 1975 it was greatest in Stratum IIT., The three-day weekend of
July 4th occurred during both of these strata. FPressure from boat
fishermen decreased from these respective strata. The low boat
fishermen pressure in Stratum I of 1975 was probably due to the ressr-
volr being partially lce covered and the road to the boat launching
area being blocked by deep snow during most of the stratum.

The average hourly fishing intensities for shore and boat fisher-
men on weekdays and weekends—~holidays during 1974 and 1975 are shown
in Figure 4. During both vears the peak of weekday shore fishing
intensity occurred at about 8 P.M. The pesgk of weekday boat fishing
intensity during both years was between 6 P.M. and 8 P.M. in the
evening (Fig. 5).

The weskends-holidays hoﬁrly intensity curve for shere fishing
in 1974 (¥ig. 6) was nearly bell shaped with the peak occurring at
2 P.M. In 1975, this curve was trimodal with peaks atr 10 A M., 2
P.M, and & P.M. {(Fig. 6). This trimodal pattern of fishing intensity
has been noted by Cope (1957) on Yellowstone Lake, who termed it
characteristic of & resort type fishery. Weekends-holidayvs boat
fishing hourly intensity curves were essentially trimodal in both

vears (Fig. 7}. In 1%74, the greatest intensity was at 3 P.M. with
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Figure 4. The average number of weekday shore fishermen per count
at Hyalite Reservoir in 1974 and 1975.
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Figure 5. The average number of weekday boat fishermen per count
at Hyvalite Reservolr in 1974 and 1975,
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Figure 6. The average number of weekends-holldavs shove fishermen
per count at Hvalite Reservolr in 1974 and 1975,
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Figure 7. The average number of weekends-holidayvs boat fishermen
per count at Hyalite Reservoir dn 1974 and 1975,
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lesser peaks cccurring at 11 A.M. and 6 P.M. During 1975, the
greatest intensity was at 7 P.M. with lesser peaks present at 5 P.M.
and 12 F.H.

Hyalite Reservoir received a great deal of fishing greésure
averaging 43.4 hours fished per surface acre at maximum pool during
my study. This was over three times as great as the summer pressure
found by Lund {(1974) on the cutthreat and grayling fishery of Iik
Lake, Montana and nearly 1% times as great as the summer fishing
pressure on the cutthroat fishery of Trappers Lake, Colorado {Drummond

and Tanner, (1980},

Harvest
The estimates of the total number of fish harvested {game fish
caught and kept} during 1974 and 1875 (Table 7) were calculated as the
TARLE 7. ESTIMATED TOTAL NUMBER OF SALMONIDS HARVESTED FROM HYALITE

RESERVOIR FROM JUNE TO SEPTEMBER, 1974 AND 1875 WITH 95
PERCENT CONFIDENCE INTERVALS FOR YEARRLY TOTALS.

1874 1875

Stratum Bhore Boat Total Stratum Shore RBoat Total
I 278 356 674 I 178 74 252

i1 32 855 887 Iz 173 191 364
IiI 195 3i7 312 11z i0 132 142
1v 27 138 163 v 34 102 136
¥ 57 b7 124 i 4G 7 56

VI 28 3z 60 VI 4 45 49

Total 617:139 1BO3#679 242029726 Total 44684708 5511208 9991412
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products of the catch rates and number of ifisherman hours, The estgi-~
mated 2420 creeled f£ish dn 1974 was more than twice as grest as that
in 1975. Boat fishermen harvested 74.5 percent of the total] in 1974
and 535.2 percent in 1975, 1In both vears the number of fish harvested
wag greatest in Stratum IL and decreased as the season progressed.
The estimated numbey of fish harvested by species and hatchery

group {Table 8} was determined by muloiplying the catch rate for

TABLE §. ESTIMATED NUMBERS OF FISH HABVERTED BY SPECIES AND GROUP
AT PYALITE RESERVOIR FROM JUNE TO SEPTEMBER, 1574 AND 1975,

1974 1875

Shore Roar Toral (%3} Shore Boat Total (%)
Cr (Rp) 291 1344 1735(71.8%) 114 137 251{25.35%
Ce (A} 54 152 206{8.5%) 18 & 2H{Z.4%5
ce (W3 102 275 377{15.5%3 195 294 489{48.9%)
ct {Total} 547 1771 Z318(95.8%3 3Z7 437 764{76.4%)
BK 1B 3 18{0.77%) 28 il 3B(3.8%3
CedRb 5 5 10{0.4%) o 13 13(3.3%)
G 30 24 74{3.3%) 93 a; 183{18.3%)
Tetal 817 LBO3  ZAZ0(100%) L48 5351 999(100%)
{Bp} = Bight pectoral fin clip.
{A} = Adipose fin clip.
{Wy = ¥Wild appearing.

individual species or hatchery group by the number of fisherman hours.
Cutthroat frout decreased substantially in numbers harvested and per-
centage of the numbers harvested from 1974 to 1975, An estimated 2318

cutthroat trout were taken in 1974 and only 764 in 1975. Cutthroat
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rrout made up 96 and 76 percent of creeled fish in 1974 and 1975,
respectively.

Hatchery cutthrost trout marked wiih a right pectoral fin clip
{planted as 4" fish in September, 1972) made up nearly 72 percent of
the total number of fish harvested in 1874, the vear they first
entered the fishery, and 25 percent thelr second vear in the fishery.
Hatchery cutthroat marked with an adipose fin clip (planted as 9" fish
in June, 1973} were in their second and third year in the fishery in
1974 and 1975 and contributed less to the total harvest than the 1972
plant or wild appearing cutthroat trout. Although the estimated
number of harvested wild appearing cutthroat increased only slighitly
from 1874 to 1975, their percentage in the total harvest increased by
3 vimes.

The harvest of hatchery cutthroat decreased in 1975 following the
cessation of stocking, and the harvest of wild appearing cutthroat,
graviing, brook and hybrid trout increassed. Gravling increased by two
and five fold in estimated numbers creeled and percentage of the total
harvest, respectively, from 1974 to 1975. Brock and hvbrid trout
together increased by nearly two and five fold in estimated numbers
creeled and percentage of the total harvvest, vespectively, from 1974
to 1975,

The bicmass of the harvest was determined by multiplving the

eatimated number of fish havvested by the aversge welght of creeled
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fish. The average weight of 386 fish examined from the creel in 1974
was 300 g (0.66 1b.) and the estimated total harvest was 726 Kg (1601
1bs.) or 8.8 Kg/hectare (7.8 1lbs./acre) at maximum pool. Im 1975,
the average welght of 176 fish examined from the creel was 596 g
(1.31 1b.) and the estimated total harvest was 595 Kg (1312 1bs.) or
7.2 Kg/hectare (6.4 1bs./acre) at maximum pool. Drummond and Tamner
(1960) found a harvest of 27.8 Kg/hectare {24.7 1bs./acre) in the

cutthroat fishery of 286 zcre Trappers Lake ip Coloradoe.

Agé and Growth

Scales wers taken from beiween the lateral line and dorsal fin
from fish collected by fishermen, gill netting and electrofishing
in 1974 and 19753. Impressione of scales were made on slides of
cellulose acetate snd examined using & Bausch and Lomb mécroyrojacter.
Total fish length was regressed on anterior scale radius gnd graphed
with the resulting line cutting the ordinate at a pdéitive length.
Growth was back calculated using a direct-proportionality formula first

proposed by Fraser (1916):

iﬂ"’ﬂ‘ e Tmep

where: in = length of fish at annvlus n

length of fish at time scale was taken

o
#

in
8

radlus of apnulus o {at length En)
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8 = total scale radius

#

¢ ordinate intercept of bodyviszcale regression
The back calculated lengths at annulil and annual increments of

growth for 100 wild appearing cutthroat trout collected in 1974-73

are shown in Table 9. Growth was most rapid in the first vear of iife,

TABLE 9. THE AVERAGE CALCULATED TOTAL LENGTHS AT ANNULI AND ANNUAL

INCREMENTS OF GROWTH FOR THE WILD APPEARING CUTTHROAT TROUT
OF BYALITE RESERVOIR COLLECTED IN 1974 AND 1973,

Mumbey Avg. Lengih

Age of Fish Ar Captrurs Year of Life
Group {Z of Total) {mm) 1 2 3 4

I 21(21%) 179 126

iz 46{46%) 267 123 209
11t 23{23%; 347 123 22z 306

v L0{30%) 384 118 232 320 380
Grand Averages 123 218 310 380
Incremants ' 123 93 94 70
Humber of Fish 100 109 79 3% 14

decreased slightly to similar grvowth rates in the second and third
yvears of 1ife and declined in the fourth. The growth rate of wild
appearing cutthroat tyout in Hyalite Reserveir was similar to those in
Mystic Lake (Foore, 19732) im a nearby drainage. Increments of growth
for known szge marked hatchery cutthroat trout {(Table 10) were similar
to back caleculated increments of growth for wild appearing cutthroatr

crout.,
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TABLE 10. GROWTH OF ENOWH AGE HATCHERY CUTTHROAT TROUT IN HYALITE

RESERVOIR.
Approx. ANVE . Avg.
Date Age Length  Length Length
of at at in 1874 in 1875
Group Plant Plant Piant {n} ny
Gr{8p) Sfept., 1972 O+ I00mm 291w {130} 381lmm{49)
Increment #3193 mm 90mm
Cr{Ep) June 1973 I 225mm  322mwm 41 5mm {312}
Increment @ Fmim 93mm

{Ep} = Right pectoral fin clip.

{4y = Adipose fin clip.

*Reprasents the increment of growth from September 1872 to 1974
SUmMBeY ZVETAZR.

The back calculated lengthse atr annull and annual increments of
growth for 383 Arctic gravliing collected in 1%74-73 are shown in Table
11. Gravling grew more vapidly during thelr second vear of iife than
during their first. Young of the vear gravling 4id not enter the reser-
volr until mid-Augusz, 1975, therefore, the time between entering the
reservelr and formation of first amnmulus appears Lo be less than one
veay. The annual growih vate of gravling declined markedly after the
third vear of life. rayiing in Hyslite Heservoir grew wmore rapidly
than those reported on by Kruse (19539}, Brown {(1943) and Peterman {(1572)
in lakes of this vegion but =lightly slower than those 1n Elk Lake,

Montana {Lund, 1874).
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TARLE 11. THE AVERAGE CALCULATED TOTAL LENGTHS AT ANNULI AND ANNUAL
INCREMENTS OF GROWTH FOR THE ARCTIC GRAYLING OF HYALITE
RESERVOIR COLLECTED IE 1874 AND 1975,

Numbery Avg. Length
of Fish At Capture Yesr of Life
Group {% of Toral) {7 ) i pa 3 & 3
I 103(28%; 182 88,7
Iz G3{24%7 315 84.5 237.3
i1 124{32%) 372 Q0.0 249.9  354.0
v 35{9%) 399 83.7 247.3 344.8 388.5
v 2B8{7%} 417 85.1 248.5 352.53 3%1.9 418.0
Grand Averages B6.4 245.8 3B0.4 385.2 418.0
Inocrements 86.4 139.4 104.6  44.8 22.8
Humber of Figh 383 383 280 187 653 28

Spawning and Becrulrment 1575

From June 3, prior to ilce-off in the reservoir, to July 23, each

fork of Hyalize Ureek was electrofished at least twice a week o

determine the chronology and specles composition of their spawning

rung. The ¥ast Fork has a steep gradlent, very

aress, and faw side channels.

one graviing were captured in the East Fork.

Only three adulp

The West Fork has a

few shallow rviffle

cutthroat tyrour and

slight gradient for two Km. above the reservoif, many shallow riffle

areas with good spawning gravel and several side chanmels.

Spawning

activicy of both species was limited almosi entively to the West Fork

where Z2 adult cutthreat and 134 adult graviing were captured.
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Chronology of the West Fork Spawning Hiprations

Sexually mature cubibroat irout and culthroat-rainbow hybrids
were captured from June 4-~July 21 (Fig. 8). Thelr numbers remained
small snd no distinct peak was observed. They first sentered the
stream when flow was increaszing from spring runcff {(Fig. 2} and mesn
daily stresm temperature was approximarely 3 £, Snyder and Tanner
{1960} alsec found spawning cutthreat trout to fivst enter the inlet
streams to Trappers Lake, Colorado, when streanm flows increased with
runoff.

Sexually mature graviing were first obssrved and captured on
July 10. They first entered the stream nearly one month after ice-
off and five wesks after the first presumed cutthroat spawners were
captured. Brown (1938) reported that graviing often van before
cutthroat trout, fust after ilce-off, but Kruse (19539) found cutthroat—
rainbow hybrids entered spawning strsams up to three weeks sariier
than gravling at Grebe Lake, 2&310@529#@ National Park. Grayling
first asppeared when the mean dally stream rtemperature was 4.1 € and
stream flow was subsiding {Fig. Z). Highest numbers were capiured
on July 16 when the mean dally siream temperature was 7 { and surface
remperature of the ressyvely was 11.2 C. Eruse (1959), Peterman
{31972 and Lund {(1974) found graviing spawning runs were heaviest

when siream tepmperaturss were batween 7-10 C.
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Figure 8. Humbers of adult curthroat trout, hybrid trout and Arctic
gravling captured wmigrating upstyean; Avctlc grayling fry
captured migrating downstream and mean daily stream
remperature in the Wast Fork of Hyallte Creek during 1975,
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Composition of the West Fork Spawning Migrations

The numbers, lengths and ages of captured vipe fish by species
and sex are shown in Table 12. Sex was determined by the ohservable
presence of eggs or milt. The 134 graviing captured dominated the
spawning migration, making up 82 percent of captured fish.

Age IIL, IV, V and VI gravling made up 358.2, 2Z.4, 16.4 and 2.0
percent of captured grayling spawners. Belson (1554} ﬁas reported
that gravling ususlly become sexually mature at age 111 in the
southern portion of thely range with some maturing at age II,

There was z preponderance of males in age classes III and IV
but femsles outnumbered males in age classes V and VI. The overall
sex ratio for captured spawning gravliing wss 1.7 males to 1 female,
Femals graviing outnumbered males in the spawning runs out of Agnes
{Peterman, 1972} and Elk Lakes {(Lund, 1%74). However, both of thess
lakes had smaller Inlet streams with fewsr suitable spawning areas
than the West Fork of Hyalite Creek. Peterman attributed the pre-
ponderance of females to antagonistic behavior between males for a
limited number of spawning territories. Although antagonistic
behavicr between males was alsc observed during this study, the
avallabllicy of suitable sites did not appear to be limited since
graviing were observed spawning in shallow rifflies, backwaters and

side channels up to 1.8 Km. gbove the mouth of the West Fork.
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TABLE 12Z. DHNUMBERS, TOTAL LENGTHS AND AGES OF SPAWNING FISH BY SPECIES
AND SEX CAPTURED IX THUE WEST FORK OF HYALITE CREEK IN 1975.

Total Length Total Length

Spacies Age Sex Number  Range (mm) Mean (mm)
Grayling I17 Hale 3B 257382 362
Femalisa 26 A28-380 353
1V HMale 18 387420 401
Female 12 372410 320
¥ HMale 7 BB5-437 418
Female 15 398-444 516
vi HMale 0 S N
Female A 412432 423
Cutthroatr Trout 111 Mals g A02-375 338
Wild Appearing Female 2 325-365 345
IV HMale 3 379-423 397
Female 3 405-427 413
¥ Male i 450 450
Female 4 445-530 477
Cutthroat- 11T HMale 3 334344 339
Rainbow Hybrids Female 1 356 250
I¥ HMale 1 379 ize
Femalis 1 428 428
YV HMalse 1 554 554
Famale 1 540 540

The nmean lengthe of male grayvling in age classes 11II1-Y vwere
greater then those of females, however, in a T-test only males in age
clasges I1T and IV had significantly grestery lengths than females of
the same age {p=<0.03} {Table 13}. Reed {1564} found the mean lengths
of three.year-old male graviing to be significantly greater than those

of females of the same sge in the Tanans River drainage of Alaska.
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TABLE 13. COMPARISON OF MEAN LENGIHS OF MALE AND FEMALE GRAYLING AGE
IIT AND IV. T-TEST FOR TWO INDREPENDENT GROUP MEANS.

Total Total
Mean Mean Differ-
Length Length ence Z~Tailed
Age Male {n} {pm ) Female (n) fmm} {rom T P Value
11X 58 351.5 20 352.5 .08 2.35 0,020
iy 18 401.2 iZ 389.7 11.56 2.61 0.014

Oply 13 male and 9 female sexually mature cutihroat troult were
captured from June 3-July 23, all were wild appesring f£ish. Age III,
IV and V cutthroat made uvp 50.0, 27.3 and 22.7 percent of the cutthroat
capiured. No marked hatchery cutthrost were capitured in the stream
even though they were 21l in thelr fourth summer of 1ife (age 111},
Forty-six (46) marked hatchery cutthroat {28 males and 18 females)
taken fvom the reservvelr in the fivst three weeks of June by fishermen
were exanined and found to have little or no gonadal devaia?m&ntg
Lund (1974} found that hatchery cutthrost trout 4id not make any
significant contribution to the spawning run out of Elk Lake until
age IV,

Five male and three female cutthroat-rainbow hybrid trout were
captured 1o the spawning run. Age IIL, IV and ¥V fish made up 50.0,

25.0 and Z5.0 percent of the hybride captured.
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Recrultment

A rectangular drift net (153 cm by 61 cm) was installed August
10 in each fork of Hvallite Creek te subsample the downstream migration
of fry. Each drift net covered approximately one-sixzth of the stream.
The contents were collected in early morning and evening dally
from August 1l-August 28 and preserved in 10 percent formalin. Fry
were separated from debris at Montana State University, identified by
comparisgon with known fry andé counted.

Onlv twe fry, both grayling, were cellected from the East Fork.
This was consistent with the near absence of spawners captured in the
East Fork.

¥o cutthroat trout fry were captured, however, this does not imply
that there was no successful natural reproduction din 1975. Cutthroat
trout fry have been shown fo remain in thelr natal streams for up to a
vear or more {Bjoron, 1957) before migrating to thelr rearing areas.

One thousand, nine hundred and seventy-five (1975) grayling fry
were collected from the West Fork (Table 14). Over two-thirds of
these fry were captured between evening and morning. Kruse (1959)
found grestést grayling fry downstream movement to be in late evening
hetween 7:30 P M. and 10:30 P.M. The interval between the apparent
peak of grayling spawning activity in the West Fork and the peak of
downstream fry migration was 34 days (Fig. 8) with mean dailly stream

remperature ranging from 7 to 10.7 C.
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TARLE 14. NUMBERS OF DOWNETREAM MIGRATING CGRAYLING FRY CAPTURED IN
THE WEST FORK OF HYALITE CREEK FROM AUGUST 11 TO AUGUST

29, 1975,

Date Morning (%) Evening (%)

August 11 11 0
1z 12 &
i3 ) 20
14 35 31
15 58 37
14 44 52
17 ‘ 38 13
i8 163 gz
19 288 109
20 13% 36
21 133 Z5
22 178 82
23 ' 48 i3
24 50 7
25 49 30
26 &7 35
27 25 18
28 24 22

Totals _ 1346 (68%) 629 (3273

Grand Total 1,575

Species (Composition
Experimental gill nets were fished around the periphery of
Hyalite Reservolr from September 30 through October 2, 1974 and
August 11i-23, 1973. The numbers and kinds of fish tsken during these
operations are presanted in Table 13. Cutthroat trout, grayling and
hrook trout made up between 15 and 21 percent, 61 and ?é percent and
15 and 18 percent of sach vear’s catch, respectively. Grayling in

age classes I through V were taken in each vear indicating successful
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TABLE 15. ©SPECIES COMPOSITION AND AGE GROUPS OF FISH TAKEN IN GILL
HETS IN HYALITE RESERVOIR FROM SEPTEMBER 30 TO OCTCGRBER
2, 1974 AND AUGUST 11 TO 26, 1975,

Az
Species I ir 11X v v Vi Total (%}
1974
Graviing 47 58 7 P 2 2 128 {70%)
Wild Appearing
Cutthroat Trout 15 & 3 - - - 24 {1373
Hatchery Cutthroat
Trout . 3 - - - - 3 {27
Brook Trout 20 3 3 - - - 28 {1373
183
1973
Grayling &0 29 56 8 7 - 158 (61%>
¥ild Appearing
Cutthroat Trout 15 13 19 5 - - 53 {20%)
Hatchery Cutthroat
Trout — e 2 - - - 2 {1z
Brook Trout 12 24 i¢ Z - - a8 {18%)
61

reproduction occurred from 1969 through 1974, A strong 1972 year class
of gravling was indicated by the relatively high numbers caprured as
two-vear-olds dn 1974 and three~year—olds in 1975. Wild appearing
cutthroat trout were 5 and 26 times more abundant than hatchery cut-
throat in the 1974 and 1975 catch, respectively.

Personnel of the Montana Fish and Game Department fished the

perivhery of the reserveolr with experimental gill nets in June, 1972
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and captured 104 fish. Cutthroat trout, graviing and brook trout
made up 74, 16 and 10 percent of their catch, respectively. The
differences in species composition of thelr sample and mwine appear to
reflect the change in species composition in the reservolr from 1972

to 197475,

Population Estimste of Graviing Age 1II and Older

The population of gravliing age III and older present in July
1875 with 95 percent confidence intervals was estimated to be 808
{+381}. One hundred snd thirtvy-two graviing in this sge group were
marked or affized with numbered T-tags in the spawning run during
July, 1%75. In August of that year, 78 grayling age 111 and older
were captured in ﬁhe resarveir using gill nets., Twelve of these fish
bore marks or tags. HMarked or tagged fish were taken from all four
approximately equal sectors of the reserxvolr. The sstimate was made

with Chapman’s modification of the Petersen estimator (Ricker, 19538}.



DISCUSEION

During 1974 and 1875, the fishery of Hyalite Reservoilr was
largely dependent on the catch of cutthroat frout with this species
making up 96 and 76 percent of the estimated total harvest during the
two vears, respectively. PFishing success and harvest were dependent
on the svailabilicy of hatehery cutthroat trout which contributed
heavily to the creel during theily flvst year In the fishery but at
greatly reduced levels theéeafterw In 1874, when a previously
unexploited plant of hatcheyy cutthroat froul entered the fishery,
the cateh rate and harvest wers neavly two and two and one-half times
as great, respectively, as in 1975 when no previcusly unsexploited
plant was available. Hatchery cutthroat entering the fishery in 1974
made up 72 percent of the totesl estimsted harvest in that vear but
only 25 percent in 19753, their second vear in the fisherv. Hatchery
cutthroat enterving the figshery in 1973 were in their second and third
year in the fishery during my study and made up only 9 and 2 percent,
raspecitively, of the toral estimated harvesi. The combination of
angling and natural mortallty appearsd to limit the longevity of
hatehery cutthreat in the reserveilr.

The sstimated numbey of wild appearing cutthroat tvout harvested
remained less than 300 in both years. This is less than 6 fish per

surface hsectare at maximum pool.
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The factors limiting the naturally reproduced population of
cutthreat trout in the reservolr are not known. Food does not appear
to be limiting since growth rvates for wild appearing cutthroat are
good even with competition from hatchery cutthroat,

Factors related to reproduction or early iife historv may be
Limlting recruliment £o the population. Suliable spawning sites
appear to be abundant in the West Fork, wvet the cutthroat spawning run
in 1%75 was small and made up exclusively of wild appearing fish {(ages
II1-¥}. The absence of hatchery cutthroat in the spawning run is
perhaps dus to thelr apparent limited longevity in the reservoir and
lack of instinct necessary to enter inlet streams to spawn, During
1974, threse upmarked female hatchery cutthroat trout from plants priocy
to 1972 were examined from the creel and contained developed eggs in
late July after spawning should have oocurved.

The timing of cutthroat tyout spawning in relation to stream flow
may be detrimental to reproduction. Sexually mature cutthroat trout
entered the West Fork during 1975 as flow was increasing from runofif
and most spawning appeared to occcur before the runoff peak, If the
chronology of the cutthroat spawning run in 1975 is tvpical., high
water could be destroving redds and sgge.

Ho downstream migrating cutthroat trout fry were captured in
1875, 7This may indicate unsuccessful reproduction or that fry are

remaining In the natal stream for a period of time after emergence
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rather than migrating downstream fo fhe rveservoir. LCutthroat frout

frv are planktivorous and may have & greater chance for survival if

i

hey migrate downstrean to the reservoly with ilts greater zooplankton
food supply after exhaustion of their yolk sacs. Bemaining in the West
fork bevond sac fry would also subiject the fry to predation by and
competition with stresm dwelling brook trout. The decline of the
cutthroat trout populations in the Priest Lakes of Idaho was attributed
by Blornn {1958} to be in part dus to cutthroat Jjuvenile wmortaliiy
induced by remaining in natal streams for up to three years beforve
migrating back to the lakes,

The majority of fishermen interviewed during my studv indicated
a decided preference fov catching cutthroat tyoub over gravliing and
brook trout., They would like an increase in the catch of cutthroat

trout from the 1873 level. The introduction of catchable or sub-

desire. The most economical way of inereasing the availlabiliny of
cutthroat trout would be through increased natural reproduction. The
: and Game Department is currenitly planning to stock both
forks of Hyallte Creek with the eved sggs or frv of wild, inlet
gspawning cutthreat trout from Yellowstone Lake for several consecutive
vears, beginning in 1976, Homing to natal streams by cutthroat trout
has been documented by Ball (1955), asmong others, and salmonid juve-

niles are thought to iloprint on theilr patal streams during or jus:
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prior to migration to rearing arveas {Hara, 1970). This management
plan has great potential 1f an early maturing parental stock is used
that spawns in summer after high water and whose young migrate soon
after emergence from the gravel. If successful, the present harvest
of cutthroat trout would be supplemented and 2 substantisl spawning
migration back to the natal stresms may be established.

The decline of Arctic gravling over a portion of the socuthern
extension of their range has been documented by Vincent {1962} and has
prompted many people to consider it as a rare or endangered species.
Whatever factors ave iimiting the wild cutthroat fyout population in
Hyalite Reservoir do not appear to be acting as severely on the
Arctic gravilng populstion. The grayvling population is a naturally
reproducing one and may be the descendents of a population exlsting in
the uppey Hyallte drasinags prior to the completlon of the dam. The
age structure of the population, reproductive success in 1975 and
annual Increments of growth suggest a healthy population that is
competing successfully with the cutthroat tryout and brook trout popu-
laticons dn the reservelr. The chronology of grayling reproduction in
1975 appeared to be reproductively advantagecus. Spawning grayiing
did not enter the Wesi Fork antil stream flow was receding from vuneff
peak which would minimize dislodgement of their broadeast eggs due to
increased stream fliow. Gravling fry migrated downstream to the reser—

volr and Lis greater zooplankton food supply shovily after emergence.
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Downstream fry movement appeared to be greatest after davk, a

behavioral mechanism which could be advantageous in evading predators.
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